Our eyes are never perfectly still. Even when we attempt to fix our gaze, small involuntary eye movements are performed in order to overcome loss of vision due to uniform stimulation of the retinal photoreceptors [1] [2] [3] [4] . Three different fixational eye movements have been identified and quantified, these are: Fast microsaccades (duration 25 ms; amplitude typically <0.50 degrees; 0.1-5 Hz) interrupted by slow drifting movements (amplitude typically <0.20 degrees) and constantly, superimposed on these movements, a high frequency (50-100 hz) low amplitude (<0.01 degrees) tremor [5] [6] [7] [8] [9] [10] . The retinal area covered by the microsaccadic and drift movements during fixation has been shown to vary substantially in both normal test persons [11] [12] and in patients with macular disease. In patients with macular disease, a large fixation area may be due to two or more separated preferred retinal loci of fixation and/or increased microsaccadic amplitudes [13] [14] [15] [16] . In normal test persons; however, the reason for the surprisingly large variation in fixation area is unknown.
Histological studies of human retinas have found a density of approximately 200.000 cones/mm² in the centre of the fovea, albeit with large (3.3 fold) interindividual variations [17] [18] [19] . The cone density is reduced by 50% only 0.5 degrees away from the foveal centre. In vivo measurements of the foveal cone density by adaptive optics have shown the cone centre-to-centre distance to be related to the axial length of the eye [20] . The longer myopic eye has a longer centre-to-centre distance compared to shorter eyes. In order to activate the same number of cones during steady fixation, the fixational eye movements should, in theory, move the object of interest across a larger retinal area in the myopic eye compared to the hypermetropic eye. Knowing that ametropia is strongly correlated to axial length, the present study was designed to investigate if the fixation area and the mean microsaccadic amplitude are related to axial length and ametropia in the human eye.
Material and Methods
Thirty-six eyes of 18 normal test persons (mean age 30 years; range 26-41 years) with best corrected visual acuity of 1.0 or better and no history of ocular or neurological disease were investigated. Ametropia ranged from -5.5D to + 6.5D.
The study was approved by the local ethical committee, and written informed consent was obtained prior to inclusion in the study for each test person. The study conformed to the principles expressed in the Declaration of Helsinki.
The eye examination
For each test person the following examinations were performed: Best corrected visual acuity using an ETDRS visual acuity chart at four meters, autorefraction in cycloplegia (cyclogyl 1%), full slit-lamp examination, indirect stereoscopic ophthalmoscopy with a 90 D lens, applanation tonometry and ultrasound biometry in order to determine the axial length. An ophthalmic specialist (FM) performed all eye examinations.
Assessment of fixational eye movements
A 45-second fixation task was performed for each test person during which the person was instructed to fixate on the centre of a black cross (diameter 1.7 cm) on white background shown on a computer monitor at a distance of 70 centimetres. The head of the test person was placed on a chin rest, and the fixation eye movements were recorded using an EyeLink II System (SR Research Ltd., Ottawa, Ontario, Canada).
The EyeLink System consists of two head-mounted infrared video cameras tracing the position of each eye within +/-20 degrees horizontally and +/-17 degrees vertically, with a precision of 0.005 degrees. A third infrared camera traces the head movements, and it is therefore possible binocularly to measure eye positions that are controlled for moderate head movements. The X and Y positions of both eyes are recorded in degrees, with a data transit delay of 6-12 milliseconds at a sample rate of 250 Hz, and stored on a computer hard disk. Each data file was post processed as follows: The first 10 seconds of each recording was omitted since head movements and lack of fixation could be observed in the beginning of some recordings leaving 35 seconds for further analysis. A microsaccade was defined as a movement with a minimum velocity of 5 deg/sec accelerating at 2500 deg/sec 2 and having a typically microsaccadic configuration with overshoot. The contribution of overshoot to the microsaccidic amplitude was omitted. Time spent in each eye position was determined, and the 95% most frequently used eye positions for each recording were plotted on 2D graph. Subsequently, the retinal area covering these 95% most frequently used fixation points (RAF 95) was calculated as the area of the smallest ellipse circumscribing all eye positions. Using the axial length minus 13.8 millimeters as an estimate of the rotation centre of the eye [21] , the metric values (mm 2 ) of the fixation area (RAF 95) were calculated as well. No relationship was found between the axial length and the mean microsaccadic amplitude, nor between ametropia and mean microsaccadic amplitude.
Results

Discussion
To our knowledge this is the first study to show a relationship between axial length of the human eye and the size of the retinal area used during fixation. The cause of the increased fixation area in long eyes of myopic individuals is not known. The size of the receptive fields of the photoreceptors, Panum's fusion area and the photoreceptor density could be factors that influence the size of the fixation area. Several histological studies have shown that the maximal cone density may vary considerably [17] [18] [19] . The most recent study by Curcio et al., [18] , comprising eight eyes from seven young donors (age 27-44 years), revealed not only a substantial difference in peak cone density between eyes (3.3-fold), but also interindividually a quite large difference in the retinal area covered by the maximal amount of cones. However, neither axial length nor ametropia has been reported in any of these studies.
As in previous studies [11, 12, 22] large interindividual differences in the retinal area of fixation among normal test persons was found in the present study. The difference in fixation stability may be even more pronounced in patients with macular disease [13, 14, 23, 24] . The size of the fixation area may have clinical implications when applying central laser for macular disease. In a study by Vujosevic et al., [15] of 179 eyes with untreated macular oedema, 29.6% had "pseudo foveas" that would have been covered by standard laser photocoagulation. These results support the findings from a previous study from our group, where patients with diabetic macular oedema were found to have fixation areas estimated to exceed 800 microns on the retinal plane [14] . Accordingly, there is a potential risk of destroying retinal areas used during fixation when applying a standard laser treatment, which according to the ETDRS protocol may be as close as 400 µm from the centre of the fovea avascular zone [25] . Bearing in mind that the risk for subretinal fibrosis or atrophic creep within 1/3 of a disc diameter from the fovea is 21%, following a standard laser treatment for diabetic oedema [26] , may advocate for a more cautious approach, when applying central laser photocoagulation for diabetic macular oedema especially in myopic patients.
In a recent study by Otero-Millan et al., [10] comprising both younger (22-38 years) and older individuals (58-74 years) a mean microsaccadic amplitude of 0.46 degrees was found. However, this study used two different eye trackers, an infrared recording technique (as in the present study) for the younger individuals and the most sensitive recording technique (search coil) for the older individuals. Data for each recording technique was not reported. Another study [27] , using the most accurate and precise optical recording method (dual-Purkinje-image eyetracker), found a mean microsaccadic amplitude during fixation of 20 minutes arc (0.33 degrees) in six subjects with normal visual acuity. The mean microsaccadic amplitude for all eyes for all subjects in the present study was 0.33 degrees, a result comparable to these more recent studies. However, we did not find any relationship between microsaccadic amplitude and the axial length of the eye. Axial length is closely related to ametropia, and since cone centre-to-centre distance is related to ametropia [20] , the amplitude of microsaccades seems not to be influenced by central cone density.
In conclusion, we found that axial length and ametropia of the eye were related to the retinal fixation area. Ametropia could therefore be an important parameter to take into consideration prior to central laser photocoagulation. However, clinical studies are needed in order to reveal if individualizing central photocoagulation according to the size of the fixation area is relevant.
